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(57) Abstract 

A rapid process for detecting pathogenic microorganisms in products for human consumption comprises contacting 
the microorganisms with a methylumbelliferone substrate. The substrate is hydrolyzed into methyhimbelHferone by an en- 
zyme given off by the microorganisms. Hydrolysis is accelerated by sodium lauryl sulfate, which renders the microorgan- 
isms more permeable to the substrate, the enzyme, or both. The methylumbelliferone is detected by its fluorescence, either 
in solution or on an agar medium supporting micro colonies formed from individual microorganisms. 
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RAPID PROCESS FOR DETECTING PATHOGENIC MICROORGANISMS 



This invention relates to processes for detecting 
pathogenic microorganisms, such as coliform bacteria and 
heterotrophic microorganisms, and more specifically has 
reference to processes for such detection in products for human 
consumption which operate in a sufficiently rapid time as to 
allow treatment of the product before such consumption if 
needed. 

It has long been recognized that the quality of products 
for human consumption can be significantly affected by the 
presence of pathogenic microorganisms. Such products include 
drinking water, bathing water, food, food preparation 
equipment, and, in general, any vector which the microorganisms 
may use to invade the human body. If present in sufficient 
numbers, such microorganisms can cause product deterioration or 
spoilage, disease, and significant economic loss. However, 
conventional processes for detecting such microorganisms in 
such products generally require twenty-four to seventy-two 
hours, to complete. This elapsed time is generally too great to 
provide information about a decrease in product quality in time 
to take remedial measures. 
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The prior art includes processes for detecting 
microorganisms and quantifying the concentration thereof by 
detecting and quantifying the enzymes which the microorganisms 
give off as they metabolize. The enzyme in turn is detected 
and quantified by its ability to cleave certain chemicals, 
known as fluorogenic substrates, into products. At least one 
of these products, the fluorescent portion, fluoresces; that 
is, it emits light at one wavelength when irradiated with light 
of a different wavelength. The fluorogenic substrate, however, 
does not fluoresce. The presence of fluorescence therefore 
indicates the presence of bacteria. See, e.g., Findl et al, 
U.S. Patent No. 4,242,447. 

An example of the aforementioned fluorogenic substrates 
are 4-methylumbellif erone (4-MU) compounds. The 

4-methylumbelliferone product fluoresces upon excitation with a 
light with a wavelength of about 365 nm to emit a light with a 
wavelength of about 465 nm. MU derivatives have been used in 
the prior art. Snyder et al., Appl. Environ. Microbiol .. 51 

(5) : 969-977 (1986); Feng et al., Appl, Environ. Microbiol . , 43 

(6) : 1320-1329 (1982); and Koumura et al., U.S. Patent No. 
4,591,554. 
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Such rapid processes have many benefits. First, they are. 
by definition, more rapid than those which wait several 
generations. Second, their accuracy is good, for two reasons. 
One, they measure current activity of the initially present 
microorganisms, rather than having to make deductions from 
measurements of the activity of microorganisms several 
generations later. Two, they generate multiple data points, a 
situation which lends itself well to linear regression 
analysis, rather than generating the single datum produced by 
the slower processes. Third, the linearity of the data points 
(or lack of it) is an indicator of the accuracy of the 
measurement . 

Such rapid processes have a drawback as well. The 
microorganisms must be concentrated enough to produce a 
measurable amount of fluorescence velocity in less than a 
generation. When further concentration is not practical, means 
must be found which enhance the per-organism fluorescence 
velocity . 

It is therefore an object of the present invention to 
provide a process which enhances the per-organism fluorescence 
velocity of an enzymatic measurement of a dilute sample of 
pathogenic microorganisms in a product for human consumption. 

It is a further object of the present invention co enhance 
such velocity while using 4-methylumbellif erone as the 
25 fluorescent product. 
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The remaining steps are measuring, at such intervals, the 
amount of emitted fluorescent light; calculating the velocity 
of emitted fluorescence; and determining the concentration of 
microorganisms from such velocity and a preestablished 
velocity-to-concentration correlation schedule. 

In a preferred embodiment, the sample is liquid or has 
been liquefied, and the actuating medium is liquid. The 
preferred embodiment further comprises, before the contacting 
step, concentrating the sample by filtering it throush a filter 
fine enough to retain the microorganisms, the subsequent 
contacting step being accomplished by placing the filter in the 
actuating medium. 

In this embodiment, the production agent comprises 
lactose, the fluorescent portion comprises 

4-methylumbelliferone, the permeability agent comprises sodium 
lauryl sulfate, and the fluorescent portion is caused to 
fluoresce with emitted light of a wavelength of about 465 nm by 
being excited with light of a wavelength of about 365 nm. 

When it is desired to measure heterotrophic plate count 
microorganisms in a concentration of at least 500 
microorganisms per 100 milliliters in at least 15 minutes, the 
enzyme comprises lipase or esterase, the fluorogenic substrate 
comprises 4-me thylumbellif er one-heptanoa te , and the environment 
comprises a temperature of about 20°C. 



WO 89/04372 



8 



PCT/NO88/00083 



10 



15 



Whe " U ls d ^ired to measure col . f , 

- temperature of about 3 5 o C p env "°™ent c onpri9e£ 

ent comprise* a t f6Cal C ° lif — the 

P-ises a temperature of about 41. 5 o c 
In accordance with a Qa J 

Cn a second embodiment „f .... 
invention, a process f the P res ent 

:z;; ...„.„ ......... ,„ 

organxsm per 10 0 mili illter<! 

m • micr °°rgani sms . The 

Placing the f llter and lhe seco ^ step is 

- •« — :;; ;;r e coBpris - the - 

first embodi„, ent of thf% bating med iun> of the 

the present invention. 



BNSOOCID: <WO_8904372A1J_> 



WO 89/04372 PCT/NO88/00083 



10 



The third seep is incubating the substance, filter, and 
microorganisms in an environment which allows, during the 
period of incubation, metabolism and reproduction of the 
microorganisms, production of the enzyme, contacting of the 
enzyme (whether inside or outside the microorganisms) with the 
fluorogenic substrate, and release of sufficient of the 
fluorescent portion of the fluorogenic substrate from each 
single microorganism and its descendants to form a visible 
microcolony under fluorescent conditions. 

The fourth step is irradiating the microcolonies with 
light of n wavelength sufficiently close to that of an 
excitation wavelength characteristic of the fluorescent 
portion, and sufficiently intense, as Co cause the 
microcolonies to fluoresce. Finally, one simply counts the 
15 number of fluorescent microcolonies. 

In a preferred embodiment an alkaline solution is added to 
the microcolonies at the end of the incubation period, thereby 
enhancing fluorescence and facilitating counting; and the 
substance against which the filter and microorganisms is placed 
comprises agar. The remainder of the preferred embodiment of 
this second embodiment is the same as the remainder of the 
preferred embodiment of the first embodiment, and detects the 
same microorganisms. 

The above and other important features of the present 
invention will be better understood from the following detailed 
description, made with reference to the following drawings, in 
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The present invention makes use of the enzyme activity in 
living microorganisms, particularly bacteria but including the 
fungi, to detect their presence and to quantify them. Enzymes 
unique to a group of microorganisms can be further used to 
identify the group to the exclusion of others present in the 
sample . 

Specifically, the present invention uses enzyme activity 
as determined by the detection of MU-derived enzyme products tc 
detect and quantify two groups of microorganisms, the coliform 
group of bacteria and heterotrophic microorganisms. 

As noted above, the coliform group includes the total 
coliforms (TC) and the fecal coliforms (FC). These are 
considered indicators of the sanitary quality of food, water, 
or process equipment; that is, their presence is generally 
thought to indicate contamination by fecal material. The 
coliform group constituents possess the enzyme 

B-D-galactosidase. The present invention detects this enzyme 
by the use of 4-MU-B-D-galac toside in the presence of known 
selective ingredients to exclude the activity and presence of 
any other B-D-galac tosidase positive non-colif orms . TC and FC 
are differentiated on the basis of temperature: TC are 
detected at 35°C; and FC are detected at 41.5°C. 
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(c) the resulting fluorescence is measured and utilized 
as 

(1) the rate of production of fluorescent product ii 
the liquid medium associated with the sample 

5 determined at regular intervals over about 

fifteen minutes using a fluorescence detecting 
meter, or 

(2) the direct observation by eye of fluorescent 
product associated with colonies resulting from 

10 growth (division) of the bacteria originally 

retained on the filter during the concentration 
step . 

TC are detected in the manner described above by 
incubation of the sample plus 4-MU-B-D-galac toside at 35°C, 
15 whereas FC are detected by like incubation at 41.5°. 

Heterotrophic activity is detected in the manner describee 
above by incubation of the sample plus 4-MU-hep tanoa te at 
20°C. 

The invention is illustrated by the following examples. 
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EXAMPLE 1 
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The samples were incubated at 35°C for determining TC 
activity, and at 41.5°C for determining FC activity. Flasks 
were removed from the bath and placed in a fluorimeter (Turner 
Model 111) every five minutes for thirty minutes to measure the 

5 initial fluorescence velocity. The excitation and emission 

wavelengths for me thy lumbellif erone are about 365 and 465 nm 
using light filters 7-60 and 2A+47B respectively. Fluorescence 
velocity was determined by least squares linear regression. 

The rapid fluorescence processes were compared with the 

10 conventional enumeration techniques described below. 

Heterotrophic plate count (HPC) bacteria were recovered on SPC 
(Difco) or R2A agar and counted after three days incubation at 
20OC. Total coliform (TC) bacteria were assayed with the 
membrane filtration technique using m-ENDO agar (Difco) and 

15 incubated for twenty-four hours at 35°C. The seven hour and 

standard twenty-four hour membrane filtration processes (APIIA, 
1985) were used to recover fecal coliform (FC) at 41. 50c and 
TC at 35°C respectively. Peptone (0.1%) was used for all 
serial dilutions. All assays were done according to Standard 

20 Methods (APIIA, 1985). 
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FIG. 2 shows the correlation between initial rate of 
hydrolysis of 4-MU-B-galactoside , as measured by initial 
fluorescence velocity, and the concentration of total coliform 
bacteria derived from raw sewage and mixed in drinking water. 
Enzyme assay temperature was 35°C. Error bars . associated 
with open circles represent the range of fluorescence velocity 
obtained when replicate samples (5 < n < 8) are incubated from 
one original sample. 

EXAMPLE 2 



10 Fecal coliform (FC) bacteria were determined in the same 

manner as in Example 1 except that an incubation temperature 
equal to'41.5°C was used. 

The results are shown in FIG. 3. Initial rate of 
hydrolysis of 4-MU-B-D-galac toside by fecal coliform bacteria 

15 derived from raw sewage and mixed in drinking water, as 

measured by initial fluorescence velocity, is compared with 
fecal coliform bacterial concentration. Enzyme assay 
temperature was 41.5°C. Error bars associated with open 
circles have the same meaning as in FIG, 2. 
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Sixty-two fluorescing colonies randomly selected from 
three experiments showed 100% confirmation ns FC by gas 
production in lauryl tryptose hroth incubated at 35°C for 
twenty-four hours and in EC broth incubated at 44°C for 
5 twenty-four hours. In all experiments HPC concentrations 

ranged from 300/ml to 50,000/ml. 

EXAMPLE 4 



Heterotrophic plate count (HPC) activity was determined in 
water samples from a river and a drinking water tap. 500 ml of 
10 sample was filtered through a 0.45 um membrane filter and 

placed in a flask containing phosphate buffered saline 
(pH 7.3). 

The flasks were placed in a shaking water bath at 20°C 
and 4-MU-heptanoate was added at a concentration equal to 0.05 
15 mg/ml. Fluorescence production was measured in the same manner 

as in Example 1. The rate of production of methy lumbelli f erone 
is shown in FIG. 6, and is compared with HPC enumeration in 
FIG. 7. 
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PATENT CLAIMS : 

1. A process for assaying, in a brief period of time, a 

dilute concentration of living pathogenic microorganisms 
in a sample of product for human consumption, the process 
comprising : 

(a) contacting the microorganisms of the sample with an 
actuating medium comprising: 

(1) a nutrient which is capable of supporting 
metabolism of the microorganisms; 

(2) a production agent which is capable of inducing 
the production of an enzyme in said 
microorganisms when the microorganisms ure 

me tabolizing ; 

(3) a fluorogenic substrate which is capable of 
reacting with the enzyme to release the 
fluorescent portion thereof; and 

(4) a permeability agent which is capable of 
increasing the permeability of the 
microorganisms to the enzyme, the fluorescent 
substrate, or both; 
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(b) incubating the resultant mixture in an environment 
vhich allows, during the p eriod of incubation: 
CD metabolism of the microorganisms; 

(2) production of the enzyme; 

(3) contacting of the enzyme (whether inside or 

outside the microorganisms) with the fluorescent 
substrate; and 

(4) "lease of the fluorescent portion of the- 
fluorescent conjugate; 

(O irradiating, at intervals during the incubation 

Period, the fluorescent portion with light of a 

wavelength sufficiently close to that of an 

excitation wavelength characteristic of the 

fluorescent portion, and sufficiently intense, as to 

cause che fluorescent portion to fluoresce; 

(d) measuring, at such intervals rh» , 

■intervals, the amount of emitted 

fluorescence ; 

CO the veloclty o£ ,. ltM4 n „ orescence; ^ 

«> *«.r.i.i., the c., e „ tmlot of Blcroocga „ isns fron 

such velocity and a nree^f--, hn ck 

preestabUshed velocity-to- 
concentration correlation schedule. 
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2. The process of Claim 1, wherein the sample is liquid or 
has been liquefied, and wherein the actuating medium is 
liquid; the method further comprising, before the 
contacting step, concentrating the sample by filtering it 
through a filter fine enough to retain the microorganisms, 
the subsequent contacting step being accomplished by 
placing the filter in the actuating medium. 

3. The process of Claim 2, wherein: 

(a) the production agent comprises lactose; 

(b) the fluorescent portion comprises 
4-methylumbellif erone ; 

(c) the permeability agent comprises sodium lauryl 
sulfate; and 

(d) the fluorescent portion is caused to fluoresce with 
emitted light of a wavelength of about 4G5 nm by 
being excited with light of a wavelength of about 365 
nm. 
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The process of Claim 3, wherein 

M the «<j.. c. pri!es lipase or escerase _ 
<») t». fluorogeeic serrate co nprises 
"-"thylombelUferoae-heptaeoate- 

(c) :;; put . COMt 

microorganisms; 

<*) the environment comprises a tM> „ 

temperature of about 

<«> the concentration is at l east 50 n • 

- ... ... 

15 minutes. asc 

5 - process of Cl.t. 3 , 

"""""^ ^auccos^sse; 

4-»echyl„ mb ell 1£eron „ 

e " "-salaccoslde; 
the .icroor 8 e„ts B s comprise coUfor. K 
«> co„ce„ tratton ls „ ° " — = 

100 -mutters , «"°°r g e„is m s 
■L5 raxnutes. Aeasc 

6 - The process of CUIb 5> 

<•) "e «c r „ r( ,„ ls ., cMprise 

'" — - - :r:.:i: 



BNSOOCID: <WO___6£04372A1J_> 



WO 89/04372 PCT/NO88/00083 

25 



7. The process of Claim 5, wherein: 

(a) the microorganisms comprise fecnl coliforms; and 

(b) the environment comprises a temperature of about 
41.5°C. 
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8. 



A process for assaying living pathogenic microorganisms in 
a liquid or liquefied sample of product for human 
consumption in a concentration of at least x raicroorganism 
Per 100 milliliters, and in a time of at least six hours, 
the process comprising: 

(a) filtering the sample through a filter fine enough to 
retain the microorganisms; 

(b) placing the filter and microorganisms against a solid 
or at least semi-solid substance comprising: 

(1) a nutrient vhich is capable of supporting 
metabolism and reproduction of the 
microorganisms ; 

(2) a production agent which is capable of inducing 
the production of an enzyme in said 
microorganisms when the microorganisms are 

me taboiisins : 

(3) a fluorogenic substrate vhich is capable of 
reacting with the enzyme to release the 
fluorescent portion thereof; and 

(4) a permeability agent which is capable of 
increasing the permeability of the 
microorganisms to the enzyme, the fluorogenic 
substrate, or both; 
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(c) incubating the substance, filter, and microorganisms 
in an environment which allows, during the period of 
incubation : 

(1) metabolism and reproduction of the 
microorganisms ; 

(2) production of the enzyme; 

(3) contacting of the enzyme (whether inside or 
outside the microorganisms) with the fluorogenic 
substrate; and 

(4) release of sufficient of the fluorescent portion 
of the fluorogenic substrate from each single 
microorganism and its descendants to form a 
visible microcolony under fluorescent 
conditions ; 

(d) irradiating the microcolonies with light of a 
wavelength sufficiently close to that of an 
excitation wavelength characteristic of the 
fluorescent portion, and sufficiently intense, as to 
cause the microcolonies to fluoresce; and 

(e) counting the number of fluorescent microcolonies. 

9. The process of Claim 8, further comprising adding an 

alkaline solution to the microcolonies at the end of the 
incubation period, whereby fluorescence is enhanced and 
counting is facilitated. 
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10. The process of Claim 9, wherein: 

(a) the production agent comprises lactose; 

(b) the fluorescent portion comprises 
4-methylumbelliferone; 

(c) the permeability agent comprises sodium lauryl 
sulfate; 

(<D the enzyme comprises lipase or esterase; 

(e) the substance against which the filter and 
microorganisms is placed comprises agar; and 

(f) the fluorescent portion is caused to fluoresce with 

emitted light of a wavelength of about 465 nm by 

being excited with light of a wavelength of about 365 
nm. 

11. The process of Claim 10, wherein: 

(a) the enzyme comprises lipase or esterase; 

(b) the fluorogenic substrate comprises 
4-methylumbelliferone-heptanoate; 

(O the Microorganisms comp.rise heterotrophic plate count 
microorganisms; and 

«> the environment comprise* „ temperature of about 
20°C. 



T 



3 :^OOCID: <WO_8904372A1 J_> 



WO 89/04372 PCT/NO88/00083 

29 



12. The process of Claim 10, wherein: 

(a) the enzyme comprises B-D-galactosidase ; 

(b) the fluorogenic substrate comprises 
4-methylumbellif erone-B-D-galactoside ; and 

(c) the microorganisms comprise coliform bacteria. 



13. The process of Claim 12 f wherein: 

(a) the microorganisms comprise total coliforms; and 

(b) the environment comprises a temperature of about 
350C. 



14. The process of Claim 12, wherein: 

(a) the microorganisms comprise fecal coliforms; and 

(b) the environment comprises a temperature of about 
41.50C. 
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